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AS/AP^6,  alao  Icooim  aa  B&S,  la  a  raaga-oodad,  airboma, 
S-band  baaooa  aMdb  Mpllaa  on  tba  atandard  baaoon  frag:aano7  of  3356  ao 
bo  Ê33T  ataodaxd  airbomo  radav  opavating  In  tiia  Sa  band  3300  ;;t  33  not 
oqitlpBiont  aaa  datalopad  at  tha  ro^at  of  tbo  Sarrioaa  for  uaa  bm 
A  “Hooatar*  abooa  fUnotlon  la  to  oall  firlandly  airoraft  to  an  anamr  ob- 
JaotlTa.  Tha  requaatad  ranga  porfonaaaoa  tob  ZOO  lailaaj  hoaavar,  it  tob 
fooad  that  rangae  of  at  laaat  200  ndlaa  ara  raodH7  aoMarad  althln  tha 
aali^t  llnltatlon  of  about  100  Ib.  At  tha  tlaa  thla  program  aaa  tanoliia- 
♦ad,  about  Jaxxaax7  1,  1944,  wo  had  oomplotad  oor  taata  irlth  tha  "qulcdc  and 
dlrty*  prototepa  dlaouaaad  In  thla  raport.  Thla  prototypa  oontalnad  tha 
^**wl(.  boacon  oomponanta  bat  had  not  yat  boon  aaglaaarad  for  mlalanm  aalght 
®«d  pomr  oonannption. 
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mn’iow  I 


Introf’iotlon 


Wtiile  t;iie  S-baniS  beacon  déscrlbed  In  thla  ??eporu  wan 
deslgned  expreafsly  as  a  "BnosCcr'',  tt  contalnB  a  nupiber  of  recent 
developroente  in  beaconry  «rljich  have  potentallties  for  other  appllC“ 
atlohB  ^here  a  long  range  bsaoen  ia  needed,  Through  the  uss  of  a 
euperheterodyne  receiver  and  the  lor*  voltage  magnetron  (2J3a),  a 
bet  ter  balance  reoeiver  oenalti  vlty  and  trafiaraitter  power  1b 

achleved  than  In  the  preecnt  gr^oufid  beacone  whlch  eiuploy  oryatal 
video  recelvers,  Aleo  note '-'Orthy  Ie  the  Blsnpl  1;  Icatlon  of  the 
antenna  syetem  though  duploxiag. 

Late  In  1943  when  the  trend  toward  X-band  beaconry  was 
Imminent,  an  alrborne  beanon  was  deeignsd  \vhiah  was  readlly  convert¬ 
ible  to  X-band  by  interchanglng  B  and  X  r.f,  plumbing  rnd  subatltut- 
ing  the  LVX  magnetron  flGA*116  for  the  2J39.  The  X-band  vereion, 
known  as  BAX,  dld  not  ccnie  %o  x'’rultlon  due  to  the  teï^rnlaatlon  of  thl 
program  in  Pebruary  1944i,  HovAjüver  in  the  benoh  testa  that  vere  made 
It  dld  demonstrate  capabillciee  equal  to  SAS, 

i  ^  ' 

The  ti'*end  now  in  an  airborne  X-band  beacon  le  toviai'd  a 
short  range  (  Sb  mi.)  beanon  v/lth  emphasls  oa  light  weight  and  low 
power  coneumptlon,  coneiaerably  nndar  what  can  be  attalned  wlth  the 
preeent  design.  Thi®  beacon  Is  to  be  deslgned  around  the  new  “very 
low"  voltage  magnetron  (HCA-.121  )’’‘and  the  crystal  video  reoeivar. 

It  might  be  pointed  out  that  the  substltution  of  the  VLVX  tube  for 
the  LVX  in  the  present  would  yield  a  beaoon  of  intsrmecllawe 
range  performance  (up  to  lOD  nil ,  )  wath  conelderabl e  reöuction  in 
weight  and  power  consuraption. 


BSCTIDIJ  II 


General  Descrlptlon  of  the  Bagco n 

AM/apK-6  alsQ  known  as  BAS  Is  an  alrborne  btacoo,  eapable. 
ol'  résponding  automatioally  to  interrogatlone  from  Btandard  5-band 
radar.  It  must  respond  to  two  microsecond  interrogatlon  pulsas  and 
re J eet  one  inlöroaecond  search  oulaes.  It  must  be  eapable  of  recelv- 
ing  and  tranamltting  slgnalB  In  all  directions.  Aocepted  interrog- 
atlon  puleea  must  cauee  the  beaoon  to  Cransmlt  a  coded  output  whlch 
can  be  used  to  loeate  and  identlfy  the  beacon, 

BAS  ie  the  M-'band  ^'RooGtsr'*.  The  tactical  funotlon  of  a 
"Rooster"  le  to  call  l'rlendly  aircrafti  to  an  enemy  obJeGti've  vhich 
has  been  dleoovered  by  a  plane  aqulpped  with  a  beaoon*  The  plane 
cirolofl  over  the  objecfcive  witii  itn  benoon  tuirneö  on  ano.  i'rieïidly 
alroraft  rench  the  ohjoctlve  b;y  honiing  on  tJiv  beacon. 

dur-’tu'niiiUon  'Uil 


The  flequence  üf  even-us  tafelng  place  from  the  time  a  pulse 
is  raceived  untll  coded  elgnale  are  firahemittÈd  can  be  ahown  with 
the  ald  of  the  block  diagram  flgure  (iJ,  A  recelved  eignal  is 
plcked  up  by  the  non- direct! onal  antenna  and'  is  fed  into  the  mixer 
where  It  beate  wl th  r. f.  from  the  local  oecillator.  The  resultlng 
I.F.  is  ampllfled  and  detected  by  the  superheterodyne  receiver  with 
as  llttle  pulse  etretcïiing  ae  poeeible. 

To  cover  the  66  mo  scatter  band  with  a  35  mc  I  F  the 
local  oscillator  ie  switched  alternately  to  two  different  frequen- 
cles,  The  slgnal  ie  then  fed  into  a  dlscriminator  circuit  whlch 
passes  the  two  mlcroseoond  Interrogation  pulses  and  rejects  the  one 
inlorosecond  aearch  puleeP.  Accepted  signale  are  then  fed  Into  a  duty 
cycle  liralter  whose  abceptance  level  ie  determlned  by  the  number  of 
interrogators .  The  signale  are  then  fed  into  a  gatlng  circuit  whlch 
forme  a  200  ralorosecond  gate  for  each  accepted  slgnal*  thls  circuit 
therefore  rejeots  all  elgnals  followlng  the  accepted  onea  by  less 
than  200  mlcroeeconds,  If  thls  were  not  done  strong  tranemltted 
beacon  elgnals  entering  the  receiver  elther  by  leafcage  or  reflectlon 
ralght  cause  "slnging'*  The  signale  are  next  fed  into  a  coder  circuit 
whloh  presente  a  eeriee  of  aultably  epaced  plpa  to  the  modulator. 

The  modulator  is  triggered  by  these  and  eupplles  one-half  mlcroseoond 
negatlve  pulses  whlch  the  magnetron  transmltter  converts  into  r  f* 
pulses.  The  r  f.  pulses  are  then  fed  through  a  single  atub  tuner 
to  the  antenna.  The  single  stub  tuner  provides  a  varlable  reactlve 
load  on  the  magnetron  for  accurately  setting  the  frequency  To 
prevent  flrlng  of  the  beacon  transmltter  by  the  radar  whlch  may 
accorapany  the  beacon  in  some  Inetallatlons ,  a  blanklng  circuit  is 
provlded  whlch  is  trlggered  by  a  video  slgnal  from  the  radar 


SECTiON  III 


Technioal  and  Military  Requlremente 

'  The  followlng  baeic  requlremente  are  a  compoelte  of 
military  requlremente  for  a  "Rooster"  lald  down  by  the  Services  at 
a  conference  on  Military  Characterlstlcs  of  Portable  Beacons  held 
in  the  Radiation  Laboratory  May  3,  1943,  and  technical  requlremente 
based  on  tests  with  the  Radiation  Laboratory  BAS  electrlcal  proto¬ 
type 


1.  Frequency 

The  beacon  raust  respond  to  any  Standard  radar  in  the  S-band 
3300  33  mc  and  reply  on  a  frequency  of  3256  mc  The 

beacon  frequency  must  be  stablllzed  to  T  1  mc'  for  all 
changes  in  load  and  for  teraperature  ohangee  of  *!■  25^0 
wlthln  the  limit s  -40°  to  ^*5000  •  ~ 

2*  Range  Performance 


The  llne  of 


slght  range  raust  be  100 


nautical  ml les  wlih  a 


554-2 


3. 


««Inlmunj  amount  of  fading-  (Sse  Sectlon  IV) 

Antenna 


antenna  must  be  non-dlreotlonal  in  azlmuth  and  have 
ös  large  a  beara  wldth  In  elevation  as  practical  to  allow 
operatlon  when  the  airplane  is  banking.  A  beam 
wldth  of  at  least  45°  Is  deslrable.  The  antenna  must  be 
aa  email  as  posslble  and  stream-llned  to  mlnimize  drag  on 
the  airplane.  bee  bectlon  (VII-l) 

^•tecrlminatlon 

The  beacon  must  accept  all  Interrogatlon  pulses  greater 
than  2.0  mlcroeeconds  and  rejeot  all  one  mlcrosecond 
®öarch  pulses,  To  keep  the  clrcle  of  acceptance  for 
se&rch  pulses  email,  pulse  stretchlng  in  the  recelver 
®uet  be  mlnlralzed.  See  öeotlons  (VI,  VII-4) 

^odlng 


A  range  code  must  be  provlded  ^^onsletlng  of  two,  three  or 
Tour  pulses,  permittlhg  a  selection  of  eleven  codes.  The 
spaolng  between  the  successlve  pulses  must  be  12-16  raloro- 
öeconds  for  the  short  Intervals  and  35-45  mlcroeeconds  for 
fhe  long  Intervale;  long  and  short  Intervals  and  number  of 
pulses  to  be  adjustable  at  wlll  from  a  reraote  control  box 
oee  Sectlon  (Vii-?) 

Gistrees  Signai 


A  dlstress  slgnal  whlch  is  not  one  of  the  code  comblnatlons 
IB  deslred.  See  Sectlon  (VII-7a) 

Aural  monitor  must  be  provlded  for  monltorlng  the  output  of 
B  recelver  and  the  dlsorlmlnator.  See  Sectlon  (Vli-5) 


g. .  ,*^®hklng'‘  circuit  must  be  provlded  to  render  the  beacon  Insen- 
bAft  to  the  "raaln  bang"  of  the  radar  whlch  may  accorapany  the 
In  some  Installatlone.  See  Sectlon  {VII-6) 

^®ntroi8 


All  Controls  for  turnlng  on  the  beacon  power,  selectlng  the 
code,  swltchlng  on  the  dlstress  slgnal,  and  aurally  monitor- 
ihg  the  beacon  must  be  contalned  In  a  remote  control  box 
'''^hlch  may  be  as  much  as  twenty  feet  from  the  beacon. 

See  Sectlon  (VIl-ii) 

0 

Handllng  Capaclty 

The  maximum  duty  oyole  performance  Is  flxed  by  the  tactlcal 
^equireraents  ,It  is  assuraed  that  when  the  beacon  Is  funot- 
loning  as  a  "Rooster",  the  trafflc  wlll  be  email  slnce  not 


«/■r  ie  tJae  range  and  and  h'g  are  the  respectlve  altitudea  of 
the  radar  and .  the  beacon  aboTe.  a  plane  êurfaoe  tangent  to  the 
point  on  the  earth  where  the  "-vater”  ray  Is  optically  reflected. 
Por  a  flat  earth  h'j^  and  h'g  would  be  the  true  altltudee.  Por 
exaraple  if  both  planee  are  flylng  at  10,000  ft.  and  are  separated  ' 
88  nautical  railee  «^r  =  600  ft;  If  they  are  eeparated  176  nautical 
ralles  at  the  sarae  altltude  «  3  ml,  Since  the  null  eeparatlon 
depende  on  the  nulle  are  unobjectlonable  at  short  ranges,  say 
less  than  50  railee,  even  at  low  altltudes.  In  the  extreme  case  of 
high  flylng  oraft  at  short  range,  only  the  direct  ray  need,  of 
oourse,  be  consldered,  A  sacrlflce  In  range  performance  Is  to  be 
expeoted  near  the  horizon;  l.e.,  for  r  >>  h'^  h'g  •  At  thls  point 

the  power  Is  attenuated  accordlng  to  the  Inverse  fourth  power  of 
the  range.  Thus  It  Is  olear  that  for  ranges  under  100  ralles  and 
reasonably  high  altltudee  the  nulle  are  too  close  together  to  be 
objectlonable. 


1*  Reoelver  Sensltlvlty 


Por  any  radar,  the  beacon  recelver  sensltlvlty  and 
transraltter  power  neceesary  to  overcome  the  Inverse  square 
attenuatlon  and  null  loss  can  be  oaloulated  from  eleraentary 
prlnolples.  Values  for  the  recelver  sensltlvlty®  for 
rellable  operatlon  with  ASÖ  radar  are  glven  In  Table  (I), 
ö  Is  deflned  as  the  recelver  sensltlvlty  necessary  to  glve 
a  tangent lal  slgnal  (3  tlmes  noise)  at  the  recelver  output 
at  the  half  power  pointe  of  both  the  radar  and  beacon 
antennas.  The  peak  power  of  the  ASG-3  radar  Is  taken  equal 
to  25  KW,  and  the  radar  and  beacon  antenna  galns  are  taken 
equal  to  300  and  3  respectlvely, 

Table  I 


nautical  railee 

50 

100 

100 

200 

200 


depth  of  nulle  In  db 

S  (recelver  sensltlvlty 
watts) 

0 

1.2  X  10-0 

0 

2.9  X  10-0 

10 

2.9  X  10-10 

0 

0.7  X  10-9 

10 

0.7  X  10-10 

Por  complete  suppresslon  of  “nulls"  a  reoelver  sensltlvlty 
of  2.9  X  watts  is  needed.  Por  a  part  lal  suppresslon  of 

"nulle"  the  value  must  lle  between  2.9  X  10-10  and  2.9  X  10-9 
watts,  Thls  requlrement  demands  a  superbe terodyne  recelver,  The 
sensltlvlty  of  the  superheterodyne  recelver  eraployed  in  BAS  is 


654-5 


u  X  lO’ic  watte,  3ufficlent  for  ranges  up  ïo  abouL  SOü  miles 
Iranemltter  Power 

In  oalculating  the  beacon  transmitter  power,  the 
T«R.  loss  raust  be  added  to  the  Inverse  square  attenuatlon 
and  'null"  effect,  This  loss  arlses  from  the  "off-frequency " 
operation  of  the  beacon.  Por  exaraple  wlth  a  radar  operatlng 
at  3333  mc,  a  beacon  pulse  of  32ö6  rac  takes  a  20-30  db  loss  In 
Setting  through  the  T  R  Values  for  the  transmitter  power  for 
^ellable  operatlon  wlth  ASÖ  are  glven  In  Table  (II),  P  Is  the 
peak  power  In  watts  requlred  to  glve  a  slgnal  equal  to  nolse 
on  a  radar  at  the  half  power  pointe  of  both  the  radar  and 
beacon  antennas.  The  radar  recelver  eensltlvlty  (nolse  level) 
^8  taken  equal  to  5  X  10“13  watts. 


Table  II 


"«utical  mUee 


depth  of  nulls  db 


T.il,  loss  db  P  ( transmi ttei' 

power  peak 
 watts.) 


60 

0 

0 

,36 

0 

20 

36,00 

100 

0 

0 

1  44 

- 

0 

20 

144.00 

10 

20 

1440.00 

800 

0 

0 

6  00 

0 

20 

600.00 

10 

20 

6000. 00 

Dow*^  (II)  for  rellable  operatlon  at  100  mlles  the  peak 

3  ifS*'  ®^‘*duld  be  about  U5  KW,  The  peak  power  of  the  prototype  is 
huil  operatlon  to  about  200  mlles  Is  expected  but  wlth  sorae 
abov  '  They  sLould  be  unobjectionable  at  altltudes  conslderably 
®  the  horizon  even  for  large  TH.  loss. 


SECTION  V 


Trafflc  Handllng  Japadty 

The  normal  functlon  of  a  beacon  is  to  reply  to  two  micro- 
eecoid  interrogati on  pulses  from  scanning  radars  operatlng  at  about 
400  p.p.s-  Actually  it  is  ofttlmes  searchllghted  by  nearby  search 
radars  wiïh  repetjitlon  rates  up  to  2000  p  p  s.  Thls  Is  especlally 
true  for  ground  beacona  loeated  at  alrports  where  the  dlstances 
'nvolved  are  so  sroall  that  the  disoriralnator  falie  to  exclude  all 
f;he  unwsnted  trafflc,  in  lts  normal  functlon  of  replylng  to  scan- 
rririg  raiars  the  trafflc  handllng  oapaclty,  in  terras  of  the  number  cf 
aircraf-i  served,  is  very  high  even  for  a  low  average  beacon  duty 
c/cle  ai  wiii  presentiy  be  shown  But  in  the  event  of  Indlscrlmln- 
.6 te  sea^chllghting  the  oapaoïty  Is  enormously  reduoed  The  case  of 
tie  alröorne  beacon  is  slrapllfled  because  It  la  generally  faf 
nnough  reraoved  from  racar  syeteras  that  lts  dlscrlmlnator  excludes 
;  earoh  puises  Con88qL.ently  tne  average  duty  cycle  la  low.  permttt- 
.ng  the  use  of  smaller  modulators  and  smaller  power  supplles  than 
j:,r6  o.rdinarlly  requlred  for  a  ground  beacon 

To  deterratne  how  much  trafflc  a  beacon  wlll  handle  it  is 
'lecersary  to  consider  first  the  effect  of  a  number  of  systeme  search- 
,L  ghiing  the  oeacon  slraultaneouslyt  and  next  to  oalculate  how  many 
s  an'Jlng  systems  on  the  average  correspond  to  the  number  search- 
li-ghalng.  ölnce  each  beacon  reply  is  followed  by  a  200  raiorosecond 
f;ace,  all  interrogati cnr  faxllng  wlthln  the  gates  are  l08t:^  öo  in 
ene 'al  the  number  of  replies  wlll  be  lees  than  the  number  of 
: nterrogatlons  by  the  number  whlch  are  lost  In  the  gates  The 
vverage  number  of  interrogators  receiving  replies  fn*  for  any 
iiumler  of  searchlightlng  interrogators  (no)  is  glven  In  flgure  2 
’he  repetitlon  rate  of  the  Interrogators  is  assumed  to  be  400  p  p,o 
’he  data  plotted  in  flgure  2  are  calculated  for  a  swltched  reoelver 
Ln  whlch  all  parts  of  the  ecatter  band  (66  mo)  are  covered  only 
iif-i-f  the  time.  iThis  is  not  qulte  the  case  for  the  BAS  recelver 
b'^cause  there  Is  consAderable  overlapping  of  the  regions  served  by 
i'te  swltched  local  osclllator,  however  In  a  recelver  designea 
fxpressly  for  S-baad  coveragCf  the  case  consldared  here  would  be 
losely  approxlmated.  Bee  Section  Vil- 3  for  details  on  the  recelver) 
'he  curve  nï  jts  calcul.ated  for  equal  numbers  of  radars  in  each  baad 
(l-o.  pos  tlon  (l)  and  l.o-  posltlon  (2))  and  curve  ng  Is  calculated 
for  the  Cfise  vrhere  ali  radars  11e  ln  one  band  ( say  1  o.  posl  tlon  (1)  .- 
For  any  arbltrary  öietrlbutlon  of  radars  over  the  band  the  number  n 
wlll  lle  betreen  these  twp  extreraes  For  large  value  of  Hq,  nn 
approachee  25  and  n?  approaches  12i^  corresponding  to  one' reply"  for 
each  200  « icrcsecon-i  interval.  For  a  4  pip  code  wtth  J  raicrDsecorjc 
pulses  the  iwaximura  m’^alruible  duty  cycle  Is  l,0?b  but  raay  be  as  J  cw 
as  depeiidlng  on  tlié  distrlbutlon  of  radars  over  tlie  band. 


.  V 


FroBi  figure  foi'’  SQme  inuepiaediat:®  vp.lue,  sa,y  s  10,  ivhe 
average  number  of  repliee  lieB  bet'veen  6  and  V.5,  correspondlng  to 
an  average  üutjy  cyole  of  k  duty  cycle  of  l.OJft  Ie  unnecessarlly 

large  from  a  tactlcal  atandpointj  in  addltlon  the  demande  upon 
the  el  ze  and  power  coneumptlon  of  the  raodulator  and  power  eupply 
for  thlB  duty  cyole  are  prohlbltlve  for  an  alrhorne  eet. 

The  average  duty  oycle  for  an  equal  number  of  scanning 
radars  will  in  general  be  reduced,  because  the  beacon  Ie  then 
Interrogated  only  wlthln  the  beam  wldth  of  each  radar.  The  beara 
wldth  effectlve  In  interrogatlng  the  beaoon  may,  however,  vary 
over  wlde  limit s  -  from  360®  at  close  range  to  0°  In  a  null  or  at 
extreme  range.  Since  the  effectlve  beam  wldth  .depends  on  so  raany 
factors;  naraely,  dlstance,  nulls,  radar  power,  and  beacon  recelver 
sensltlvlty,  It  la  Imposslble  to  determlne  an  average  value  to 
cover  all  oondltlons  of  operatlon.  A  falrly  representatlve 
condltlon  Is  one  where  the  beacon  Is  Interrogated  o n^the  average 
by  the  full  beam  wldth  of  the  radar,  whlch  Is  about  ^^”för  XSöls. 

On  this  asBumptlon  the  trafflc  capaclty  la  scaled  up  by  a  factor 
of  24  for  spinners  randomly  dlstrlbuted  In  azlrauth.  Thus  an 
average  duty  cyole  of  ,2^  would  result  from  144  scanners,  and  .3>b 
from  840  scanners.  It  Is  presumed  that  the  number  of  radar 
equlpped  planes  in  a  "Rooster”  operatlon  would  be  lesa  than  elther  o 
of  these  two  cases. 

w 

Actually  the  number  of  spinners  dlrected  toward  the 
beaoon  Is  subject  to  large  fluctuatlons  whlch  wlll  at  tlmès  push 
the  duty  oycle  up  to  the  maximum  of  1/t.  To  prevent  thls,  and 
reallzlng  that  1>  le  unnecessarlly  large  from  a  tactlcal  stand- 
polnt,  the  duty  oycle  has  been  limit ed  to  some  arbltrary  value 
(.4>  In  BAS  prototype).  With  thls  addltlon  the  reply  curves 
flat ten  off  as  shown  In  Plgure  (2). 

Another  factor  whlch  limlts  the  trafflc  handllng 
capaclty  Is  the  time  allotted  to  one  searchllghter.  Thls  time 
beooraes  smaller  as  the  number  of  Interrogators  grow.  If  there  is 
only  one,  It  will  recelve  60Jfc  reply,  because  a  switched  recelver 
le  eraployed.  The  permlsslble  number  is  flxed  by  the  least  response 
neceesary  to  glve  a  clear  indlcatlon  on  the  radar  *8  indicator  -  thls 
le  arbltrarlly  taken  to  be  about  30?^.  In  figure  (2)  Is  shown  the 
percent  reply  R  to  one  Interrogator  as  a  functlon  of  Hq  for  D.C.L. 
adjusted  to  .4^.  Two  cases  correspondlng  to  and  ng  are  given, 
From  figure  2,  for  30Jt  minimum  response  the  maximum  number  search- 
llghtlng  the  beaoon  ahould  not  exceed  10,  or  the  number  scanning 
about  240. 


The  average  response  to  an  Interrogator  mlght  be  expected 
to  be  subject  to  large  fluctualons.  Por  exaraple,  if  all  search- 
llghters  had  exaotly  the  same  repetitlon  rate,  the  oonflguratlon 
establlshed  In  the  flrst  2500  mlcroseoond  Interval  would  be  raaln- 
talned  and  some  syetems  would  recelve  full  reply  and  others  none. 
Porturiately,  the  repetitlon  rates  are  dlstrlbuted  over  a  Interval 
of  about  400  4  io>,  so  one  can  reasonably  expeot  enough 
reshuffellng  In  about  a  second  to  glve  average  value s  whlch  do  not 
depart  rauoh  from  values  glven  In  figure  2.  Por  scanning  radars  there 
Is  added  reshuffellng  due  to  the  varlous  scanning  rates. 


A  severe  test  of  tiie  D.C.L.  ran  glven  /Ab  protc^pe 
'»hen  it  was  tested  as  a  ground  baaoon  at  Deer 
ï’adar  Although  the  dl  Bcrlmlnator  was 
second  pulses,  the  clrole  of  confusion  (eee 
«^i’ong  1  rnlcroeeoonó  pulses  frora  ^aet  Boston  Alrport  lnclu 
Jeer  Island,’  With  a  randora  searchlightlng  ^d  scanning  hy 
2000  p.p.e,  radars  the  duty  oyole  was  116 

Under  these  condltlons  the  beacon  was  f  1  fadln» 

jautlcal  mlles  with  a  clear  P,P,I.  display,  and  wlth  no  more  fading 

^han  l8  attrlbutable  to  “nulls"- 


SECTION  VI 


SI  Confusion  -  m^oriminatlon 

«,  ^  Qftci  Aflii  for  Dulse  wldth  dlscrlmln- 

P  The  speclflcatlons  Lg  beacon  replies  to  2 

miorn  *  thls  type  of  relects  1  mlcrosecond  searoh 

icrosecond  Interrogatlon  pulses  ^®^®.nation  ie  to  decrease  the 
P^lees.  The-maln  functlon  of  the  ïe  also  a  seourlty 

erage  duty  cycle  of  the  beacon  i-«ni  v*  i  nterrotcated  by  search 
in  that  the  beacon  la  not  euch  interrogatlona 

ï’adars—the  eneray  could  deterralne  azlmuth  from  euon  ai  b 

J3k  A  »•  M  Hp’finöd  t)y  t#li6  i*€idlu8  wlthin 

^  The  ''clrole  of  confusion  .^e  beacon  A 

hich  one  mlcrosecond  aearch  pbls®®  where  strong  one  micro- 

^«ortwnatlon  limit  18  flxed  by  pulses  lue  to  pulse 

«jstohlng  in  the  recelver.  The  degree  ?angentlal» 

Jeflned  as  the  dlfferenoe  In  '’-T-  P°"®^  „  .  oulse  strong  enough  to 
*0  mieroseoond  pulse  and  a  one  mlorose  ^  twos.  The  dleorlm- 
jJ;*’®  d  dlBcrlmlnator  adjusted  to  aco*P  about  60  db.  The  clrole 

InuUon  Of  BAS,  deflned  in  thls  ““""f „“.f Oj,  can  be  oalcul- 
°f  oonfuslon  d  for  a  peak  radar  po^-er  P  and  pain  »b 

^  ®d  frora  the  equation  - — - - - 


d  = 


4  TT  > 


P»R  ®B 
-• — 575" 


Q  lö  th8  böECon  r0C6iv6r 

ere  Og  ie  t;he  beacon  as  deflned  above*  Por 

'bsitivity  and  D  is  the  dieorirainatlon^a  d^i  ^  . 

operation  wlth^ASG,  P  clrole  of  confusion  la 

^10-10  watts  and  D  =  106  db),  the^ci^^^^  ^ 

n, rail es  o  The  raeasured  clrole  or  value  and  the 

Jlld  firlng.  The  dlscrepanoy  betwe  nigher  recelver  senalt' 

J'oretlcal  value  Is  undoubtedly 
In  the  experiraental  model v 

^hiB  Ie  a  slgnal  3  tlraes  nolae  (r  ra  s  ) 


ëÉ:j'L' vii 


Component e 


1  ’  The  Atitenj\a 

Many  üemauds  are  liapoaad  upön  ari  antenna  Byetem  whlch  wlil 
satlefy  the  toohntoal  and  mlli-tary  reqüirementB  outlined  in  Ssotlori 
(III)  A  design  which  glves  horizontal  polarlzatlon,  nomplÊte 
co^erage  In  azlinuth  and  a  larga  vartlcal  bea®  wiüth,  Is  ths  staCKed 
ölpole  antenna  hown  in  flgure  (2)  For  thla  antenna,,  wlth  the 
dlpolefi  spaced  one-hal”  wavslangth,  the  gain  la.  approxliaateiy  equai 
to  the  nuitrber  of  clements  N.  and.  the  yertlcal  heam  wldth  to  one-hali' 
power  Ie  ISO  The  hroad  heam,  at  leaBt  4=0®  to  half  oower,  and  small 

ïï 

antenna  site  to  raduce  ürag  are  consistent.,  hut  liaposs  llismatlone 
on  the  antenna  galn^-whloh  must  then  be  lees  than  three  In  practlcü» 
It  la  dlfflcult  to  reellze  the  free  epace  beam  wldth  without  mountliig 
the  antenna  far  from  the  alrplane  In  general  it  la  to  be  sxpeoted 
ihat  the  beam  widtii,  ana  oonaeiiuently  tbs  galn,  wiii  vary  wltb 
az.l,niuth  in  an  ''  nprodiotabl e  mannen  depending  on  the  physioal  «urround 
dlapOBltion  of  wlngs,  sto 

Ta  minlmlze  the  slss  of  the  antenna,,  duplextng  Is  etnpicyed, 
e  ,  a  single  antenna  serves  both  for  ree  ei ving  and  tranemlttlng 
The  single  antenna  ean  be  made  broad  band  to  cover  the  neceBBary 
range  3ë5b-5333  lao  with  &  standing  wave  ratio  In  power  not  exoeeding 

1  anjwhere  in  the  bana 

A  nmnber  of  antemias  of  gaine,  S.  5,  and  6  were  trltd  The> 
were  mounted  on  the  unfler  elöe  of  an  ATll  and  oould  be  ralsed  or 
lowered  to  determine  the  reejuiaite  dlÊtanoe  frcm.the  alrplane  8ee 
l'lgure  4  Whilö  JnBufficJent  tesbe  were  made  to  deterinlne  the  beat 
gain  snd  dletance,,  It:  wee  found  that  a  •3  dl  pols  antenna  mounted  at 
least  13  ih  from  the  fuseiage  to  the  flrat  dlpola  gave  goed  results 
With  thie  arrangement  the  beacon  couTd  be  Interrogated  when  the 
alrplane  wae  In  a  30®  bahic  turning  away  fz-om  the  radar,  büt  was  lest 
when  tt  banhed  to^'ard  the  rader  due  to  the  ahadow  cast  by  the  wlngs 

2  Duplexer^lllxer 


A  CWj*i46  3n  'a  special  radJal  oavity  Is  ueed  both  for  duplex 
irg  end  niixing  A  drawing  öf  the  cavlty  Ie  shown  in  Flgure  ö  and  a 
photügraph  In  flgore  6 

4 

The  Operutlon  of  ZUs  cavlty  ae  e  dupiexer  oan  be  underetoori 
rem  F:.gure  Cfj  The  T-junot-on  la  &rt  odd  number  of  quartier  wave 
J  engthe  rrom  the 'cathodf  oi  tb?  01^46,,  vrlth  abouo  one  quarter  -^ave 
of  thlB  betwoen  tl^e  ctthode  and  a  pomt  on  the  gr  ld  Just 
Inelde  the  giasg  of  the  tube  The  fjeagnetron  ta  rfreitlvely  ar 
.integral  number  of  ïvaif  wu^rlcngthe  froni  the  T-junctlon  For 
^“Cïived  Blgnals,  Uio  rseentB  o.  luw  Impeuanosr  and  the  magne t rori 

;.:’e*ents  a.htgh  liuptiöinru'e  si  ’  te  1  .Janition;  conaequefitly ,  ihe 
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jntenriÉi  seea  a  low  impedance  looking  into  the  the^maKnetron”^ 

Jransraltted  slgnale,  the  &L446  draws  grld  ourrent, 

jees  a  high  Impedance  looklng  into  the  /fgS  ess  tha^ 

power  whlch  oan  be  attributed  to  oavlty  la  about 

J  db;  and  the  loss  of  transmltted  power  into  the  oavlty 
1  db. 

Pi  Mlxlng  takee  place  In  the  on  the  radius 

^Igure  (7).  The  slmal  Inout  whlch  ocours  half  way  oui  on  uiic 

the  cavity  is  at  a  poaltlon  of  down  about 

öaciiiator  whlch  la  a  bit  further  out  .on  J^e  rad^a,  la^down  a 

oJ®.  of  the  voltage  maximum.  Jlfl.Qj.  euoplled  by  a  2K28 

(JJhe  GL446.  The  looal  oaclllator  «ÏJ^^J^^^Ï^tS^^avlty  varles 

f  )  la  about  20  mw,  The  23  25  db  at  extreme 

fï’om  20  db  above  KTaF  at  mldband,  3300  mo,  to  23-25  db  au  exure 

”u6  of  the  Bcatter  band, 

and  ^^®  ^  ^^®  ^®  ^Jinc^is^neoeaalry^^Sid  a  aoldered 

®^®®tron  loadlng.  No  allvcï*  platlng  lioviad  wlth  a  slrtgle 
JW.truotlon  18  pei4.,tte<J.  Tunlng  Is  toe  ïube 

'°?ew  and  should  be  done  whlle  toe  »®snetron  Is  on,  sin 
oehavior  may  be  affeoted  by  the  magnetron  power. 

unwa  ^^^®^itivlty  over'^what^one'^mï^t^get,. 

fo  ®^*’®^t®d  loea  In  recelver  And  a  oryatal  mixer,  How- 

lll  exampie,  wlth  a  broad-banded  T.R.  ptage  of  the 

36^m  ^Ppe’B  that  the  nolee  f  mixer.  So 

®^f  Wlth  a  oryatal  the  flrat  I.F,  /^Ji^erllon  galn  of  about 

XO  Si*  addltlon,  the  tube  mixer  ^®  ®  g  Shan  would  be  requlred 
fL^^»  requlrlng  lees  galn  in  the  I.F.  etagee  uia 

®  Oryatal  mixer. 

Bas  Reoelver 

baa  h  '^^®  “^^ï^red^'on^WOO^'mcÜ  ao  that  the 

^®®®Xver,  in  order  to  cover  thle  band  in  s^te  o^  ^ 

el?  Jï^ocuraoy  of  adjuatment,  ^®  f  minimum  of  70  or  76  mc. 

Thi®^^^y  larger  range  of  ^^®^?®J!®^fSA  disorlmlnator  a  pulae  whlch 
ret  f®®®Xver  must  alao  present  to  the  _  power  as  poealble, 

aS  ?i"®  ^^®  ®hape  over  as  wlde  a  ^^?e®  ^Jc^ïgnlla  at  a  relatlvely 
ehniï^^  a  ayetera  ualng  1  ®Xorosecond  ^rlgger  It  by  appearlng  as 
^  dlatance  frora  the  beacon  will  i®®  It  is  very  dealrable 

^  2  niioroseoond  beacon  mterrogatlng  al^al.  ^  - - 

.^e  able  to  use  one  antenna  for 


**  dlatance  frora  the  beacon  wixx  '  It  la  very  deairaoxe 

wloroseoond  beacon  Xaterrogatlng  ^  ^  recelver  for  apaoe 

>®  able  to  uae  one  an^ienna  for  tranamltter  a  ^  on 

^oight  requlrementa  and  alao  for  ®  of  r.f.  plumblng  and 

Plane.  See  flgurea  6  and  13  for  vlewa  or 

'®Xver  strip. 

Por  a  worklng  range  .Jo^„®i^fSdlcate?°^sSe  eeotlon 
"Xyne  ae  oppoaed  to  oryatal  meana  of  covering  the 

Although  at  Isast  t*®  .„ÏÏiable,  tor  purposesof 

«irsd  bandwldto  speolfled  abovs  were  avaliaoi  , 
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Interehanyeabillty  between  S  and.b-band  beacoriE,  the  recelver  for 
BAÜ  wae  taade  to  cover  aboijt  110  mc.j  whlch  is  the  coverage  requlred 
on  X-bandf  and  obvlouely  more  than  enough  for  the  S^band. 

By  raeans  of  electronlcally  swltchlng  the  frequenoy  of  the 
local  osclllator  betreen  two  pointe  correctly  eelected,  the  110  mc. 
is  covered  with  an  l,f.  bandwidth  of  35  mc.,  properly  centered,  as 
Bhown  In  the  figure  (8). 

Thus  the  recelver  covers  the  whole  band  In  four  “slde- 
bands",  and  as  long  as  the  swltohlng  rate  Is  less  than  half  the 
ralnlrauin  repetltion  rate  of  the  Interrogatlng  slgnals,  the  beacon  wlll 
respond  to  an  interrogatlng  syetera  about  half  the  time. 

The  use  of  a  single  antenna  for  recelver  and  transmitter, 
which  obviouely * has  great  advantages  in  an  alrborne  systen^  was  made 
posslble  by  the  use  of  tube  mixer,  which  is  dlscuesed  in  detail  In 
Sectlon  VII-2,  Although  the  GL446B  tube  mixer  glves  a  nolse  figure 
for  the  recelver  which  is  worse  than  a  crystal  mixer,  theoretlcal 
data  ehowed  that  sensltlvlty  would  stlll  be  conslderably  above  that 
requlred  (10“9  watts) 

The  fact  that  the  local  osclllator  was  to  be  switched 
between  two  frequencles  which  were  necessarlly  qulte  crltlcal 
requlred  the  accurate  measureraent  of  these  frequencles,  and  also 
requlred  a  rough  check  on  whether  the  local  osclllator  was  putting 
out  about  equal  power  at  the  two  frequencles.  A  single  S-band 
cavity  was  used  for  thls  purpose  after  belng  raodlfled  to  allow  it  to 
be  set  mechanlcally  at  the  two  speclfled  frequencles  and  also  at  a 
polnt  approxlmately  mldway  be'^ween  these  frequencles,  A  secondary 
coupllng  loop  In  the  l.c,  cavity  was  used  to  couple  power  to  the 
wavemeter. 


Figure  9  shows  the  circuit  used  to  switch  the  l.o. 
frequency.  The  functlons  of  the  various  controle  and  the  resultlng 
wave-shape  of  the  output  are  as  follows» 

The  switch  Is  ganged  wlth  the  60K  pot. ,  eo  that  turnlng  the 
pot  all  the  way  down  opens  the  switch.  The  output  lead,  a 
tap  on  the  60K  pot.,  Is  connected  to  the  l.o,  reflector, 
which  draws  practlcally  no  current;  therefore,  when  the 
switch  Is  open,  the  reflector  wlll  be  at  a  d.c.  Tevel  controlled 
by  the  25K  pot  as  shown  In  Flg.  lOA.  When  the  switch  Is 
closed,  the  6J6  raultlvibrator  puts  out  a  rough  square  wave 
(Figure  10b)  of  about  150  c^p.s.  repetltion  rate;  the  6AK5 
cathode  fcllower  acts  to  clip  the  top  and  bottom  of  thls 
square  wave,  glvlng  the  wave  shape  shown  in  Flg.  lOC.  It  is 
seen  that  the  more  negatlve  level  of  the  square  wave  Is  stlll 
that  orlglnally  set  wlth  the  25K  pot.  Therefore  the  level  set 
wlth  the  26K  pot,  Is  Independent  of  the  adjustment  of  the  50K 
pot,,  although  the  reverse  Is  not  true. 

The  l.f.  arapllfler  shown  In  Flg.  11  uses  seven  stages  of 
6AK6'e  In  a  circuit  known  as  "shunt-serles  peaklng".^  It  glves  an 
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overeill  i.f.  gain  of  ai^out  d,b.j  and  a  pasB-band  extendlng  frora 
about  10  to  45  rao,  EsBentially ,  the  lnte3r*atage  coupllng  circuit  ia 
a  vldeo-typ8  ^circuit  whlch  1b  slinply  extended  to  glve  a  band-paes  of 
a  few  kllooyclee  to  45  mc-  In  order  to  prevent  the  l.f.  paee-band 
frora  overlapping  into  the  aotual  video  paes-band  of  the  order  of 
two  mo.,  a  filter  Is  introduced  Into  each  oathode,  whlch  results  In 
Sharp  degeneratlon  for  frequenoles  below  10  mc.  Thus  an  aotual  l.f. 
ampllfler  results,  and  In  splte  of  the  loss  of  the  flrst  10  mc,  of 
the  posslble  pass-band,  the  advantage  of  thls  type  of  circuit  over 
any  other  type  now  known  Is  stlll  large.  Theoretioally,  the  result- 
Ing  pass-band  should  be  pe];*fectly  flat,  hut  aotually,  the  curve  Is 
more  llke  that  shown  In  Plgure  12. 

The  fact  that  there  Is  an  actual  varlatlon  of  4  to  6  db. 
gain  over  the  band  is  not  objectlonable,  elnoe  sensltlvlty  Is  stlll 
more  than  enough  at  the  lowest  point.  Although  the  l.f.  pass-band, 
because  of  lts  shape,  probably  does  Introducé  rlnglng  on  a  1  mloro- 
second  pulse,  thls  rlnglng  Is  at  a  very  high  frequency,  and  never 
gete  through  the  narrow-band  video  whlch  follows  the  second  detector. 

Slnoe,  In  order  to  brlng  the  nolse  up  to  the  deslred  10 
or  15  volts,  and  obtaln  the  beet  sensltlvlty  posslble  from  the 
recelver,  an  overall  recelver  gain  of  perhaps  130  db.  Is  requlred 
(not  countlng  the  loss  In  the  second  detector),  the  video  must 
provlde  about  60  db.  of  gain,  and  a  bandwldth  sufficiënt  to  preserve 
the  shape  of  the  pulse  over  wlde  ranges  of  amplitude  out  of  the 
second  detector,  (See  Flg.  11  for  circuit  diagram  of  video 
ampllfler),  In  other  words,  the  video  must  not  '‘stretch"  the  pulse 
for  large,  slgnals.  Thls  "stretchlng"  phenomenon  and  the  varlous 
posslble  ways  of  overcoralng  It  are  desorlbed  In  detail  by 
M.  P.  Crouch^.  The  video  circuit  Is  falrly  conventlonal  exoept  in 
the  use  of  a  email  coupllng  condeneer  In  the  output  stage,  whlch 
greatly  reduces  mlcrophonlcs,  and  also  Introducés  a  large,  but 
reasonably  short  overshoot.  There  Is  also  no  provlslon  for  a  power 
output  etage,  eo  that  care  has  been  taken  not  to  load  down  the 
output  of  the  recelver  wlth  any  cable  or  unnecessary  stray  oapaclt- 
ance,  The  resultlng  "stretchlng"  characterlstlcs  of  the  recelver 
eeemed  falrly  eatlsfactory  In  bench  tests,  about  60  db.  between 
minimum  2  sec.  slgnal  and  maximum  1  ralcrosecond  slgnal  whlch  would 
not  trip  the  beacon.  Thls  dleorlmlnatlon  factor  depende  greatly  on 
the  dlsorlmlnator  circuit  and  partlcularly  how  the  recelver  Is 
coupled  Into  the  dlsorlmlnator. 

4.  DiBcrlralnator 

The  functlon  of  the  dlscrlralnator  Is  to  re J eet  1  ralcro- 
seoond  search  pulses  and  accept  two  ralcrosecond  Interrogatlon 
pulses*.  (Por  a  dlso’:f<8lon  of  the  tactlcal  need  for  dlsorlmlnatlon, 
and  deflnltlon  of  terras  see  Sectlon  (VI),  A  circuit  diagram  of  the 
dlsorlmlnator  Is  shown  In  Plg.  14  and  a  block  diagram  wlth  wave 
forms  Is  shown  In  Plgure  15, 

The  baslo  circuit  component  In  pulse  wldth  dlsorlmlnatlon, 
as  eraployed  In  BAS,  Is  the  Integrator  VI,  In  thls  stage  a  negatlve 
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pulae  froui  the  reoeiver  renders  the  tube  non-conduoting,  proviöed  . 
the  amplitude  of  the  Input  elgnal  is  equal  to  or  greater  than 
the  amplitude  required  to  drive  the  tube  to  out-off.  A  “droollng'' 
pulse  Ie  then  formed  at  the  plate  whose  amplitude  ie  proportlonal 
to  the  pulse  wldth  for  amplitudes  greater  than  and  whose 

slope,  eseentially  constant  for  the  email  tlmes  involved,  Is 
deterralned  by  the  RC  time  constant.  The  wave  form  at  the  plate  of 
VI  Ie  shown  In  Flgure  15,  The  constants  of  the  Integrator  stage 
are  selected  so  that  is  about  two  or  three  tlmes  noise  at  the 

output  of  the  recelver.  The  bias  on  the  arapllfler  V2  followlng 
the  Integrator  etage  Is  adjusted  so  that  It  conduots  for  slgnals 
whose  duratlon  Is  two  mlcroeeconds  or  longer  and  whose  amplitude  Is 
equal  to  or  greater  than  E  The  negatlve  pulse  from  the  output 

of  the  blased  arapllfler  triggers  the  one-shot  multlvlbrator  V3  On 
the  output  of  V3  a  negatlve  gate  Is  formed  whose  amplitude  Is 
independent  of  the  strength  of  the  beaoon  interrogatlng  slmal , 

Thls  output  pulse  Is  fed  to  the  duty  cyole  llmlter  (D.C.L.1  stage 
In  the  ooder,  To  Inor^ase  the  degree  of  diacrlminatlong  stretch- 
araplltude^compensatlon  ’  has  been  added-  Thls  Is  Indicated  in  Plg 
16  by  the  dotted  llne  around  Vn ,  An  amount  of  “feed  forward** 
through  the  .Ol^f  oondenser  (Flgure  14)  Is  provlded  whlch  le 
proportlonal  to  the  amplitude  of  the  recelver  output .  The  stretch 
compensatlon  Is  due  to  the  deorease  In  the  "drooler"  amplitude  for 
strong  pulses,  It  Is  Important  to  note  that  the  output  pulse  from 
the  multlvlbrator  stage  Is  delayed  In  time  from  the  reoelved  slgnal 
by  two  mioroseconds.  Thls  delay  is  inherent  In  thls  type  of 
dlBcrlmlnator  whlch  walts  two  mioroseconds  before  deoldlng  to  accept 
a  pulse. 


The  setting  of  the  bias  on  the  arapllfler  stage  Vg 
determlnes  whether  an  output  Is  obtalned  from  the  multlvlbrator  V3. 
The  norraal  set-up  procedure  Is  to  adjust  the  bias  on  V2  so  that  the 
multlvlbrator  trips  about  60^  of  the  time  for  a  two  micro second 
slgnal  of  amplitude  input  to  the  integrator  stage. 

Thls  partlal  firlng  of  the  multlvlbrator  for  Input  slgnals  of 
amplitude  equal  to  £^1^^  Is  due  to  the  nolse  whlch  exists  on  the 
Integrated  pulse.  (See  Plg.  15  for  the  wave  forme), 

From  the  bench  tests  whlch  were  made  on  the  BAS  recelver 
and  dlscrlralnator,  dlscrlminatlon  of  50  db  was  obtalned  without 
stretch  compensatlon.  Thls  meant  that  a  one  micro second  slgnal 
50  db  stronger  than  a  two  ralcrosecond  slgnal  of  amplitude 
would  trip  the  disorlmlnator.  It  should  be  noted  that  the  recelver 
stretched  the  -'ne  mlcrosecond  slgnal  to  two  mioroseconds  at  the 
60  db  polnt.  By  uslng  the  scheme  of  stretch-amplltude-oompensatlon 
It  was  posslble  to  Increaee  the  dlscrlminatlon  to  60  db.  In  a 
number  of  field  tests  the  '‘olrcle  of  oonfuslon"  was  found  to  be 
about  2  mlles, 

5,  Aural  Monitor 

One  of  the  taotlcal  requlrements  of  BAS  is  an  aural 
monitor  whlch  enables  the  beacon  operator  to  .listen  for  radar 
slgnals  wlth  the  beaoon  transmltter  turned  off.  Two  monltoring 
pointe  are  provlded:  one  on  the  output  of  the  recelver  whloh  accept e 


all  radar  interrogatioiiSi  and  oiie  on  the  output  ot  the  diecrifiilriatot* 
which  acceptfl  only  beaoon  lnteri*ogatlünö-  ConBetjuently  ttie  beaoon 
Operator  oan  be  In  touch  at  ail  tlmea  wlth  all  radar  trafflc  wlthln 
range  of  the  beacon,  and  turn  on  the  traneiuitter  only  when  beaoon 
Interrogatlone  are  present»  A  monltoring  Jack»  and  a  transmitter 
switch  are  located  on  the  reniote  oontrol  box  for  ready  acceeslblllty 
A  block  diagram  of  the  monitor  circuit  Is  shown  In  Flg.  15»  and  a 
Circuit  diagram  in  Flg,  14,  To  keep  the  capaolty  loading  of  the 
ï’ecelver  as  email  as  posslble  the  ampllfler  V7  is  cathode-to-oathode 
coupled  wlth  the  integrator  stage  in  the  dlscrlmlnator,  The  o  ver¬ 
sboot  of  the  recelved  slgnal,  about  20  mlorosecf nds 
Ampllfled  In  V7  and  fed  through  the  cathode  fol  -ower  V8  to  the  ear- 
Phones.  In  monltoring  interrogat ion  pulses,  the  output  of  the  m.v 
stage  V3  Ie  feed  through  V8  to  the  earphones® 

Field  tests  show  that  It  is  posslble  to  get  an  Indlcation 
the  araount  of  radar  trafflc  from  the  audlo  «“^nitor  system;  but 
^eoause  of  the  beat  notes  produoed  by  the 

®^ion  slgnal  and  the  frequency  of  the  fl  Jiai^fróm” 

posslble  to  Identlfy  a  glven  plane  by  the^pltch  of  the  slgnal  from 

the  audlo  monitor, 

6»  Radar  Blanker  Circuit 

Slnce  a  radar  set  raay  accompany  the  BAS  In  s ome  plan es» 

Is  neoessary  to  prevent  ^^^Sgerlng  of  the  plane  sowneacony 
the  radar.  A  20  mlcrosecond  gate  Inltlated  „o 

the  radar  renders  the  beacon  Insensitlve  to  the  maln  bang  and  al 
fo  at rong  eohoes, 

A  bloolc  aiagram  of  the  blanker  eirouit  le 
The  operatlon  of  the  circuit  Is  as  follows»  . tfied  in 
p;jl8e  from  the  Indicator  central  of  the 

Thls  negatlve  pulse  trlggers  the  ^  the 

^ï^m  the  blanker  to  the  dlscrlmlnator  le  done  by  means  of 
®^itch  tube  V6, 

.  Thls  blanker  circuit  has  tecLsHo 

jonipiete^Seacoran^radaï  Inst^Luon  has  been  made  slmultaneously 
^  the  same  plane. 

Bas  Coder 

The  beaoon  reeponee  to  ra4«r  ““Si^rtylïeoem! 

abï”  Of  oode  to  Identipr  the  beaoon  and  «  beaoon  reeponee 

from  radar-eoho  slgnals.  For  thls  r  ,  .  *--tion  wlth  an 
range  coded  1  e  the  beacon  answers  the  Interrogawon  wxon  » 

different  ranges, 

J«hyeapu?aeer?Se'?2nU«W*Srf?erLoe“bp««^ 

oodere  liee  In  the  type  of  olroult  ueed  to  obtaln  thle  aeiay. 


In  the  oaae  of  BAö  the  usual  eeries  of  i>iul  tl  vibrator  delay  circuits 
has  been  replaoed  by  a  aerlee  of  ovsrdrlven  ampliflers,  because  thls 
type  of  coder  la  more  adaptable  to  remote  control  of  oode  eettlng» 

See  Flgure  (17). 

PlBtlngulshable  Codea 

The  BAS  coder  has  two  variables  whlch  can  be  control led 
to  obtaln  different  codes;  namely,  the  number  of  code  pips,  and  the 
spaclng  between  these  oode  pips.  The  maximum  number  of  code  pips 
Is  4,  and  the  spaclng  may  be  elther  short  or  long.  The  total  number 
of  different  codes  avallable  from  suoh  a  coder  is  15.  However,  thls 
number  Is  deoreased  by  certaln  llmltatlons  plaoed  on  the  oode. 

Slnoe  a  single  oulse  mlght  posalbly  be  oonfused  wlth  radar  eohoes, 

It  Is  neoessary  for  the  oode  to  have  at  least  two  pulses.  Also, 
unless  both  short  and  long  delays  appear  in  the  beaoon  code  display 
on  the  radar  scope,  there  may  be  sorae  doubt  as  to  whether  the 
delays  between  pips  are  long  or  short  In  a  oode  havlng  equally 
spaoed  pips.  Thus,  two  codes  of  the  sarae  number  of  pips,  one  havlng 
all  short  delays  and  the  other  all  long  delays,  are  not  consldered 
dlstlngulshable.  Thls  reduces  the  number  of  dlstlngulshable  codes 
to  11. 

Circuit  Operatlon 

A  blook  diagram  of  the  coder  and  waveforms  are  shown  In 
Flgure  16,  and  a  circuit  diagram  in  Flgure  17.  The  Input  etage  V]^, 
operates  In  oonjunotlon  wlth  the  duty  oyole  limit er  and  will  be 
treated  In  Seotlon  VlI-a.  Vg  Is  a  M.V,  stage  formlng  a  negatlve 
gate  about  200  mlcroseoonds  long.  Thls  gate  serves  the  purpose  of 
triggering  the  coder,  and  of  the  proteotlng  the  coder  from  further 
I  trlggers  untll  the  last  of  the  delayed  pulses  has  been  transmltted. 

The  suoceedlng  stages  V3-(a),  V^-tb)  and  Vg-(a)  are  the  delay 
stages;  they  form  the  three  delay  periode  of  the  4  pip  oode.  The 
'  prlnclple  of  operatlon  of  a  delay  stage  can  be  descrlbed  wlth  refer- 

enoe  to  Vjj-Ca).  Slnoe  lts  grld  is  tled  to  B4,  the  tube  Ie  normally 
conduotlng  The  W.V.  negatlve  gate  coupled  to  the  tube  through  a 
i  dlfferentlatlng  condenser,  turns  the  tube  off  untll  the  condensor 

has  dlsoharged  through  the  grld  lead,  The  reoovery  time  of  thls 
grld  circuit,  whlch  determlnes  the  delay  of  the  stage,  Is  dependent 
upon  the  values  of  R  and  C  of  the  circuit  and  upon  the  magnitude 
of  the  poBltlve  voltage  toward  whlch  the  control  grld  reoovers, 

By  setting  thls  posltlve  voltage  elther  at  250  volts  or  at  60  volts, 
a  reoovery  time  of  12-15  mlcroseoonds  or  35-45  mlcroseoonds  respeot- 
Ively,  may  be  had.  See  Flgure  18.  Slnce  only  a  ohange  of  DC 
voltage  Is  neoessary  to  control  the  oode  delay  periode,  the  swltoh- 
Ing  of  the  code  may  be  easlly  acoompllshed  at  a  remote  control  box 
I  without  any  trouble  from  oable  oapacltlee.  The  large  posltlve 

I  pulse  wlth  a  steep  lagglng  edge  that  appears  at  the  plate  of  the 

delay  stage  V3-(a)  trlggers  a  slrallar  delay  stage  through  another 
dlfferentlatlng  condenser.  Slnce  the  delay  stages  have  posltlvely 
blased  control  grlds,  the  posltlve  part  of  the  dlfferentlated 
pulse  does  not  affect  the  tube;  but  the  negatlve  part  trlggers  the 
seoond  delay  etage.  Thus,  except  In  the  flrst  Instance,  each  delay 
etage  Is  trlggered  by  the  lagglng  edge  of  the  plate  pulse  from  the 
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pï'eoetaing  etage. 


pOBitlve  pulaes  from  V^-ta)  öna  Vg-Ca)  are  fed 
tnrougn  a  coupllng  circuit  to  the  control  grid  of  tne  firat 
collector,  Vg-.(b).  The  pulee  tranaformer  JLn  the  plate  circuit  of 
thlB  trlode  has  a  core  whlch  qulckly  aaturatee,  and  thie  caueee  the 
pulse  transformer  to  dlfferentlate  the  two  12-i&  or  35-45  micro-' 
second  puiaea  that  pass  through  lts  prlmary  winding  The  reeultlng 
rour  pips,  alternately  poaltlve  and  negative,  thua  correspond  to 
the  leading  and  lagging  edgee  of  the  two  poattlve  puiaea  fï*ora  the 
delay  atagee  The  two  output  windlngs  of  the  pulae  traneforraer  are 
connected  for  different  phase  output  and  drive  the  two  grlda  of  a 
doublé  trlode  in  a  blocklng  oaclllator  circuit  Vg  The  blocklng 
OBclllator  acte  aa  the  aeoond  collecCor  and  provldea  puiaea  of 
equal  amplitude  to  drive  the  cathode  follower  output  atage^  V9 

To  obtaln  oodee  of  two  or  three  pips,  aome  electrical 
arrangement  la  ntcesaary  to  remove  the  laat  pip  or  the  laat  two 
plpa  The  latter  la  accompliahed  almply  by  removlng  the  plate 
from  the  iaat  delay  etage,  V5-(a)  eo  that  only  a  single 
poBitive  pulae  from  the  plate  of  the  firat  delay  etage  reachea  the 
grld  Of  the  firat  collector,  V5-(b;. 


In  order  to  have  a  three-  'lp  code,  It  ie  neceaaary  to 
Bhorten  the  recovery  time  of  the  thlrd  delay  etage  Vg-ia)  until  ite 
pulae  la  reduced  to  a  1-2  mlcroaeoond  pip  Such  a  pip 
wlil  not  be  dlfferentlated  by  the  pulae  transformer  in  the  plate 
olrcult  of  the  firat  collector  but  will  paaa  on  to  the  eecond 
collector  aa  a  single  posltive  pulae  Thua,  a  three-plp  code 
derlvea  the  firat  two  plpa  from  the  firat  delay  etage,  and  the  laat 
pip  from  the  thlrd  delay  etage  The  recovery  time  of  the  grld 
circuit  of  the  thlrd  delay  atage  Vg  (a)  la  ahortened  by  connectlng 
the  grld  to  the  cathode  of  V4  through  a  realator*  The  plate  of  V4 
ie  grounded  When  a  three-plp  code  ie  deelred,  lts  grld  la  ground 
potential  and  the  tube  acts  aa  a  diode,  allowing  the  dlfferentlatlng 
oondeneer  in  the  grld  circuit  of  the  delay  etage  to  recover  very 
rapldly  If  a  four-pip  code  ia  to  be  uaed,  the  grld  bias  of  V4  la 
Bwitched  150  volte  negatlv©  and  it  no  longer  affect e  the  operatton 
of  the  delay  etage,  It  wlll  be  noted  that  only  a  change  of  DC 
voltage  te  neceeeary  to  control  the  nuraber  of  plpe;  thie  oan  eaelli' 
be  accompliahed  by  a  elmple  ewitchlng  arrangement  at  a  rèraote 
control  box, 

Diatreea  Signal 

The  epeclflcatlone  of  BAS  oall  for  a  dletreee  elgnal — u 
elgnal  whlch  would  inetantly  dletlnguleh  Iteelf  from  the  ueual  code 
display  For  thie  reaeon  It  was  not  sufficiënt  to  reserve  one  of 
the  codea  for  uee  aa  a  dletrees  elgnal 

elmple  type  of  dletreee  algnal,  eaey  to  accomplieh 
eleotrically ,  may  be  had  raerely  by  "Jizzllng"  the  laet  thx’ee  code 
plpa;  l,e.,  by  contlnually  varylng  the  time  delay  of  each  of  the 
laat  three  pips  over  a  range  of  aome  35  ralcrcaeconda  Ths  i  t* 

l'arJ  eU  ;t.angirig  Ihe  BC  voltage  tcwar:',  wiilcii  tbt  cortroi  gr:’a  1. 1 
tne  let  Jciay  statre  V2»{a)  reoovera,  A  401  oyole  ,  r-iji, 


] 


powei*  tranaforraeï*  condenBei*  coupled  to  the  DC  po  int  ewlnge  the  DC 
level  over  the  requireö  range.  Sinca  the  other  delay  etages  are 
trlggered  ’by  the  lagglng  edge  of  the  pulee  from  the  flret  delay 
etage,  the  last  two  code  pips  follow  the  time  ehlfte  of  the  eecond 
pip.  The  display  of  euoh  a  syetem  appearlng  on  a  PPI  scope  conelste 
of  a  single  undelayed  pip  followed  by  a  series  of  slne  waves  the 
amplitude  of  whloh  Is  determlned  by  the  range  of  time  delay  varlatlon 
The  number  of  cycles  of  slne  wave  appearlng  on  the  PPI  depends  upon 
the  scanning  speed  and  beam  width  of  the  Interrogatlng  radar. 

8,  Automatic  Duty  Cyole  LlciltatlonS 


A  circuit  diagram  of  the  duty,  cyole  llmlter  Is  shown  In 
Plgure  17  and  a  blook  diagram  In  Plgure  16,  The  provlslon  for 
automatlo  duty  cyole  llmltlng  conslsts  essentlally  of  two  circuits; 
a  circuit  whlch  develops  a  bias  proportlonal  to  the  duty  cyole,  and 
a  second  circuit  to  whloh  thls  bla^  may  be  sultably  applled. 

The  bias  developlng  circuit  Is  oomprlsed  of  a  buffer 
ampiifier,  Vq,  whloh  prevents  serlous  loadlng  of  the  coder,  and  a 
diode  reotlfler,  Vg.  The  reotlfled  pulses  develop  a  negatlve  bias 
at  the  diode  plate  whloh  Is  flltered  In  the  diode  output  circuit, 

The  long  time  constant  of  thls  filter  circuit  tends  to  allow  the 
beacon  to  glve  full  response  to  momentary  overloads,  Pfoper  adjust- 
ment  of  the  constants  of  the  circuit  prevents  the  bias  vs.  duty 
cyole  curve  from  flattenlng  off  at  a  relatlvely  low  reourrence  rate 
and  allowe  good  potentlometer  control  of  the  duty  cyole  at  any 
value  from  .06  per  cent  to  1  per  cent, 

Thls  bias  must  be  applled  In  euoh  a  way  that  at  high  duty 
cycles  there  wlll  be  no  dlsorlralnatlon  in  favor  of  strong  Interrog- 
atlng  slgnals  from  nearby  radars.  Thls  rules  out  the  method  of 
applylng  the  bias  to  desensltlze  the  reoelver.  The  bias  must  be 
applled  to  some  circuit  in  the  beacon  havlng  a  constant  amplitude 
Input  slgnal;  the  Input  circuit  of  the  coder  Is  oonvenlent  for  thls 
purpose.  A  oathode  follower  circuit  V^-(a)  Is  used  beoauee  It  Is 
Insensltlve  to  video  plokup  and  beoauee  It  provldes  a  negatlve 
pulee  Bultable  for  diode  ooupllng  (Vj_-b)  to  the  multlvlbrator  gate. 
Aft  the  duty  oycle  becomes  large,  the  duty  oycle  bias  outs  off  the 
oathode  follower  Vi-(a)  and  the  coder  cannot  be  trlggered  agaln 
untll  the  bias  goes  down.  A  diode  Is  used  to  oouple  the  cathode 
follower  to  the  coder  gate  circuit.  When  the  coder  gate  Is  flred, 
the  plate  of  the  diode  Is  drlven  negatlve  and  no  trlgger  can  get 
through  the  diode  untll  the  gate  circuit  recovers. 

9.  BAS  Uodulator 

The  BAS  modulator  conslsts  of  an  807  blocklng  osclllator 
tube  drlvlng  two  829A  ampll fiers  In  parallel,  the  output  of  whloh 
Is  stepped  up  by  a  1:2  pulse  transformer  and  applled  to  the  oathode 
of  the  magnetron.  By  uslng  the  829 'e  as  constant  current  tetrodes, 
the  modulator  transmlts  pulses  of  constant  amplitude  for  all  rates 
of  beacon  Interrogatlon  up  to  0.4>  duty  cyole  and  about  10;(i  ohange 
In  llne  voltage.  See  Flgures  19,  20  4:21. 


The  807  blooklng-osclllator  Is  trlggered  from  the  low 
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Impedanca  sathode  follower  output  vrliloh  coneleïs  of  a  eeries  of 
poaltlve  pips  formed  by  the  coder*.  The  poeltlve  pulsö  of  abcut  1‘?C 
volte  Is  coupled  by  meane  of  the  condeJieere  In  the  öelay  llne  to  the 
grid  winding  of  the  B-0  pulae  traneformer  As  the  grld  Ie  drlven 
more  posltlve  than  eutoff,  plate  current  flows  which  Inducee  a 
voltage  In  the  grld  winding  euch  that  the  grld  is  drlven  more 
poaltlve  At  the  aame  time  a  negatlve  wave  la  sent  down  the  delay 
llne^  la  reflected^  and  returna  to  oppose  the  poaltlve  drive  on  the 
grld  The  drop  In  plate  current  cauaed  by  thla  refleoted  voltage 
together  wlth  the  tube  aaturatlon  induüea  a  negatlve  voltage  !a  the 
grld  winding  whloh  quiokly  drlvea  the  tube  paat  cutoff  The  line 
constante  are  au oh  aa  to  make  the  length  of  the  pulae  O, 5  micro- 
seconde,  The  thlrd,  or  output»  winding  on  the  B.O  pulae  trana- 
former  inverte  the  negatlve  pulae  on  the  plate  and  feeda’  a  poaltlve 
pulae  of  360  volta  amplitude  to  the  grlda  of  the  829'' s  The  15 
1  atep-down  ratio  of  plate  tc  output  winding  glvea  a  low  Impedance 
aouroe  to  drive  the  low  irapedanoe  load  preaented  by  the  grlda  of 
the  829A*fl  In  parallel 

The  ratio  of  voltage  to  current  of  the  pulae  applied  to 
the  magnetron  la  determined  by  the  magnetron  characterlatica,  A 
typloal  opera tlng  polnt  for  the  2J38  magnetron  la  3  ampa  peak 
ourrentj  6  kv  peok  voltage.  Depending  on  the  magnetron  uaed,  the 
power  output  wlll  lie  between  the  2  kw  and  4  kw  ' 

Uslng  the  above  valuee  in  a  numerloal  example,  we  flnd 
that  to  produoe  euch  a  pulae  in  the  aacondary  of  the  pulae  trana 
former  asaumlng  100)t  efficiency  the  pulae  in  the  prlmary  of  the 
platea  of  the  ö29A*8  raust  be  6  ampa  and  £  5  kv  However»  the 
pulae  tranaforraer  efficiency  la  about  70>,  ao  that  the  peak  current 
la  more  nearly  8.6  ampa  For  regulatlon  the  drop  acroaa  the  829A  s 
must  be  about  800  volte  requlrlng  2500  +  800  -  3300  volte  from  the 
high  voltage  eupply.  For  a  0.4>t  duty  cyole  the  average  high 
voltage  current  la  8*6  x  10^  x  0.004  -  34. 4  ma  For  any  amaller 
duty  cyole  the  applied  high  voltage  and  tube  drop  wlll  be  greater 
due  to  non-regu' atlon,  but  the  output  pulae  wlll  remaln  qulte 
constant 


The  ohlef  advantage  In  uslng  thls  type  of  modulator  la 
that  a  relatlvely  low  voltage  la  ueed  on  the  hard  tubes  for  produc^ 
Ing  a  regulated  hl gher- voltage  pulae  The  prime  requlalte  for 
regulatlon  la  a  regulated  screen  voltage,  whlch  la  aupplled  by  an 
807  shunt  regulator,  and  la  varlable  to  oontrol  the  peak  magnetron 
current  and  ooneequently  the  r  f  output  of  the  2J38 

I 

10  Tranemltter 

The  tranamltting  tube  used  In  BAS  la  the  2J38  magnetron 
Ite  average  characterl  stlca  are  glven  tn  Figurea  22  and  23  Whlle 
ita  power  output  (about  £  kw  under  the  operatlng  condltlons  of  BASr 
ia  greater  than  what  la  required  for  iOO  mlle  range»  it  la  the 
only  low  Voltage  S- band  tube  In  produotlon  lts  only  competltora 
are  the  QL446  and  0L464  trlode  tranamlttera  whlch  glve  outputa  under 
what  la  requtred  for  rellable  operatlon 
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The  r.f,  frequenoy  ie  statiili^ea  by  thermostaUng  the  . 
^ube.  The  addition  of  a  holding  cavlty 
achieve  the  requlred  stablUty-  The  frequency 

1.0  mc  for  a  .4>  ohange  In  duty  oyole  and  2öOC  about  any 
^roblent  temperature  wlthln  the  llniite  -40  C  to  • 

^  The  frequency  ie  adjueted  to  '^reLtlve 

by  meane  of  a  single  stub  tuner  whloh  provldes  a  wlable  reaMive 

load  on  the  tube>'  Wlth  thle  devloe  any  tube  in  the  band  9.18 

9*220  can  be  pulled  to  spot  frequency. 

11.  Reraote  Control  Box 

A  control  box  shown  in  Flgure  24  1®  fs^20^feet 

«ontrol  Of  the  beaoon.  Thle  box  oan  be  Plo«o« 

the  beacon.  The  followlng  controle  are  provided, 

«iuSg  all  00de  coablnatione.  • 

3—  Visual  Indlcatlon  of  all 

4 —  auJ'al  monitor  Jack  for  ear  phone. 

6— aural  monitor  volume  controi. 

6— .-on-off  switch  for  transmltter. 

7—  switch  for  monitor  to  interphone 

8 —  switch  for  oonnecting  aurai  moni».u 

System  of  alrcraft, 

The  code  Is  mdlcated  by  lampa  whlch^im«l^JOj^rectang- 

elite  In  the  cover;  thus  If  al  6  flrst  two  are 

“Ode  la  1111  (read:  one,  one,  one,  one);  If  "“ïhe  code  la 
the  next.one  darlc,  and  the  next  two  brlgnt, 

^2  (read!  two  two)  etc. 


SECTION  VIII 


l£.  an4  D^,  Power  Regulrements 

In  table’cil)  the  A  C  and  °;«^,nrdu”royo?ea  wd' 
BAS  prototype  are  tabulated  ^hat  these  .requlre- 

•T.  power  outputs.  It  mlght  be  pol  supplleB.  In  a  beacon 

ïnts  oan  be  reduced  by  consolldatlng  p  .  ,  power  coneuraptlon 

Jglneered  to  coneurae  minimum  Jg  and  2KW  peak  power, 

be  held  to  300  watts  for  .2?>  duty  oycx 
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Table  III 


Tot al  Power  (AC 

D.C,  ) 

watts  for  BAS 

• 

Duty  Cycle  %  R 

Tot  al  Power 

Uod,  Power 

AC  Watts 

DC  iatte 

0' 

0 

360 

0 

260 

90 

06 

2 

360 

10 

270 

90 

i 

2 

3?0 

20 

280 

90 

.2 

2 

390 

40 

300 

90 

4 

2 

430 

80 

340 

90 

2 

3-5 

426  ■ 

75 

335 

90 

4 

3-Ö 

5Ü0 

.  150 

410 

90 

SECTIOiN  ÏX 


Fl t.  Tests 

The  nxght  tests  v;ere  made  v'lth  SAS  mounted  in  an  AT-ll 
a,8  sho#n  In  the  frontigpieoe  Both  duplexed  and  separate  antenna 
systemfi  were  trled„  The  antennas  were  mounted. on  the  under  slde  of 
the  plane  and  were  made  retraotable  so  that  the  dlstance  from  the 
rusclage  to  the  antenna  could  be  varled.  A  typlcal  antenna  Install 
ation  Is  ahown  in  Plgure  t4),  The  radars  used  In  the  tests  were  the 
DU8-1000  (inetalled  on  the  top  floor  at  East  Boston)  In  ground  -to* 
plane  runs  and  the  ASGr-,5  (installeö  In  an  AT-ll)  in  plane-to-piane 
rune  One  test  was  also  made  agalnst  the  A3G-3  wlth  the  BAS  as  a 
ground  eystem  at  Deer  Island  to  inveetlgate  its  posslble  use  as  a 
ground  beacon 

The  operatlng  conditione  of  the  equlpments  ^'ere  the  follow- 
ing  The  DMS..i000  operated  at  9,11  om  with  20  db  T  R  loss  for 
beacon  signaifl,  and ^the  A3G-3  at  91?  cm  wtth  10  db  T  R  loss.  In 
the  One  plane- to-ground  test  the  ASO-3  operated  at  9  06  wtth  about 
30  db  T  R,  loss,  The  peak  power  of  the  DUS  1000  was  about  25  KW  and 
that  of  the  AStr-3  30  KW  ‘  The  radar  reoelver  sensltlvltles»  Judglng 
by  search  pertorraanoe ^  were  greater  than  10*^2  watts  The  peak 
power  of  the  beacon  was  3  KW  and  the  reoelver  sensltlvity  &  X 
watts  The  duty  oyole  was  limit ed  to  A%  by  the  duty  cycle  control 
The  fllght  tests  of  , BAS  are  sujnmarized  In  Table  ÏV 
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FajXGUT  TFiö'l'ö  T>ITn  liAS 


1.  DlstcJice  frotr.  fuselc^e  to  ne<ire,«t  eiement, 

2.  Thie  disUuice  was  the  adnimum  for  satisfactory  performance. 
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PERFORMANCE  CHARACTERISTIC  S 
OF  TYPES  2J38  AND  2J39  MAGNETRONS 
EARLY  PRODUCTION  MODELS 
LOAD’ STANDARD  MATCHED  \  INCH  LINE 
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FPV-CONTOUR  DIAGRAM 
TYPES  2J38  AND2J39  MAGNETRONS 
-EARLY  PROOUCTION  MODELS- 

OPERATING  CONOITIONS 
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BAS  COMPONENT  -  remoTE  OONTROL  BOX- FRONT- 
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